We report detailed magnetic measurements on history and metastability effects in the intermediate state of mesoscopic cylinders of type I superconducting Indium. This includes the observation of topological hysteresis with the signature occurrence of different critical fields during flux entry and flux exit. We show the existence of a plethora of metastable configuration and recipes to access them. We also demonstrate the manifestation of superheating and supercooling of superconducting and normal states, respectively across the superconductivity transition.
In the presence of an external magnetic field, a type-I superconductor undergoes a first order transition from a superconducting (SC) to a normal (N) phase [1, 2] . Although the initial and final phases are homogenous, the transition proceeds through the onset of an intermediate state (IS), which essentially consists of an intricate pattern of SC and N domains. Such a modulated phase structure is seen to exist in a wide variety of condensed matter systems, viz., (i) self organized domain patterns in biphasic quasi-2D systems, e.g., ferro-and ferrimagnetic garnets [3] , (ii) interface between two immiscible fluids in Hele-Shaw cells [4] , (iii) Langmuir amphiphilic monolayers at air-water interface [5, 6] , (iv) chemical reaction diffusion system [7] , (v) nucleonic matter within a neutron star [8] , (vi) adsorbates on a metal substrate [9] , etc. In such systems, the competition and interplay between short-range interactions associated with a positive interfacial energy and the long range magnetostatic/electrostatic/elastic interactions lead to a spatial modulation in phases [10] . This lies at the heart of the phenomena of pattern formation. The topology of the IS in type-I superconductors is guided by a competition between the magnetic energy that facilitates the formation of smaller normal domains and the positive surface energy which favors large domains [1] . As IS with various configurations of N-SC domains can be achieved by simply varying the magnetic field and temperature, type-I superconductors undoubtedly provide a model experimental system with easily tunable parameters for studying the intricate physics of pattern formation. The emergence of irreversibility during the processes of flux entry and exit in the IS has been an area of active interest recently [11] [12] [13] [14] [15] [16] [17] [18] [19] . Magnetic hysteresis in type-I superconductors was historically ascribed to disorder (defects, dislocations and impurities) and edge barriers [20] . However, recent developments in high resolution magneto-optical imaging (MOI) techniques have paved way for a revision of archaic ideas. In particular the experimental observations by Menghini et al [14, 15] , Prozorov et al [11] [12] [13] , and Gourdon et al [16] point to the occurrence of topological irreversibility associated with the formation of laminar patterns during flux exit in contrast to the tubular structures formed during flux entry. Furthermore, there has been observation of distinct transition fields during flux entry and flux exit. The behavior is expected to get richer in the mesoscopic regime, where, confinement effects are expected to play an important role [21] . However, a type-I superconductor has been seen to go into the type-II regime at mesoscopic length scales and this had made it practically impossible to experimentally study the nature of intermediate states in mesoscopic samples. Recently it was demonstrated that pure Indium (In) in the form of nanowires (nanocylinders) encapsulated within ZnS nanotubes remains a type-I superconductor down to diameters smaller than the coherence length (ξ bulk = 364 nm) of bulk Indium [23] . MOI measurements on such In samples are not practicable due to the resolution limit of the garnet films, however, a lot of information regarding the nature of the IS can be obtained by sensitive magnetization studies. In this letter, we demonstrate via magnetic measurements: (i) the occurrence of topological hysteresis in mesoscopic In cylinders and the observation of different critical fields during flux entry and flux exit, (ii) the existence of a plethora of metastable configuration and recipes to access them, and (iii) the superheating and supercooling of SC and N state respectively across the SC-N transition. Based on the results, useful and subtle analogies can be made for other systems manifesting a modulated phase structure due to an interplay of short range and long range interactions.
The sample comprising In-ZnS core-shell structures was synthesized in a high-temperature vertical induction furnace utilizing the recipe described before [24] . The charge consisting of 0.1 g of In 2 S 3 , 0.25 g of ZnS, and 0.05 g of activated carbon was thoroughly mixed and put in a graphite crucible placed at the center of the furnace. An additional 0.5 g of S was put in another graphite crucible that was placed at the bottom of the furnace. is marked by T on c and is independent of the drive frequencies in the range 1|111 Hz. In the main inset is shown the TEM image of a single core-shell structure comprising of a ZnS shell encapsulating an In core. The sub-inset panels (a) to (c) shows the EDS maps of the coreshell structure corresponding to the In L-edge, Zn K-edge and S K-edge spectra respectively. The x-ray diffraction for the as prepared samples and the selective area electron diffraction (SAED) of an individual core-shell structure are reported elsewhere [24] . They attest to the single-crystalline nature of the In core. The distribution of length and diameters of the final core-shell structure are sensitive to the exact synthesis conditions. For the sample used in the present study, the average external diameter of the core-shell structure was about 200 nm, with an average diameter of 120 nm for the In nanowire core. The nanowires had a typical length of 5-20 µm. Using these quantities, an estimate for the amount of Indium present in the sample was done for the purpose of normalizing the magnetization data. For this purpose, the following expression was used: There exists a considerable similarity between the distribution of various metastable states (shown by the red diamond symbols in Fig.3 ) observed experimentally in the present case and the theoretical calculations recently demonstrated by Peeters et al [21] . In particular, the near absence of metastable configurations at the low field and the high field end indeed is remarkable. In conclusion, we report the observation of topological hysteresis in a collection of mesoscopic cylinders of type-I superconducting In. We demonstrate the occurence of a plethora of metastable magnetic configurations, depending on the exact recipe followed to obtain a particular configuration. Also reported is the occurence of the phenomena of superheating 
